The authors investigated whether emotional pictorial stimuli are especially likely to be processed in parafoveal vision. Pairs of emotional and neutral visual scenes were presented parafoveally (2.1°or 2.5°o f visual angle from a central fixation point) for 150 -3,000 ms, followed by an immediate recognition test (500-ms delay). Results indicated that (a) the first fixation was more likely to be placed onto the emotional than the neutral scene; (b) recognition sensitivity (AЈ) was generally higher for the emotional than for the neutral scene when the scenes were paired, but there were no differences when presented individually; and (c) the superior sensitivity for emotional scenes survived changes in size, color, and spatial orientation, but not in meaning. The data suggest that semantic analysis of emotional scenes can begin in parafoveal vision in advance of foveal fixation.
Parafoveal Semantic Processing of Emotional
Visual Scenes
The present study addresses the issues of whether emotional visual scenes are especially likely to be perceived outside the spatial focus of attention, in comparison with nonemotional scenes, and the kind of content that is processed when these pictorial stimuli are presented in parafoveal vision. Because of the optical properties of the neural structure of the retina of the eyes, the quality of visual information falls off rapidly and continuously from the center of the fixation placement. The spatial field of vision can be divided into three regions: foveal, parafoveal, and peripheral. Acuity is maximal in the fovea (the central 2°of vision), it decreases in the parafovea (which extends out to 5°on each side of foveal fixation), and it is even poorer in the periphery (beyond the parafoveal boundaries). Foveal vision corresponds to the spatial focus of overt attention. Parafoveal and peripheral vision involve perception outside the focus of attention. There is a controversy regarding what type of information can be obtained from parafoveal and peripheral vision of scenes (for reviews, see Rayner, 1998) . Rayner and Pollatsek (1992) argued that meaningful information can be extracted further from fixation in scenes than in text, thus suggesting a larger perceptual span for pictorial than for verbal stimuli. Henderson, Weeks, and Hollingworth (1999) have put forward a model of eye movement control in scene viewing that specifies the role of semantic processing for stimuli located out of foveal fixation. This model is meant to account for fixation placement and fixation duration. Initially, eye movements and fixation placement are determined by low-level visual features of stimuli such as luminance, contrast, color, and so forth. Once the eyes land on a region, the amount of time they remain at that place is determined by the successful completion of processing, which involves both perceptual and cognitive analysis. Semantic factors such as informativeness, consistency, and so forth become more important after perceptual analysis is performed. Once processing of a region has been completed, attentional shifts to a new region will be controlled again by perceptual factors. If processing of a region is not completed (because of complexity, for example), then attention will shift within the current region or receive further refixations. Thus, scene analysis progresses from perceptual to cognitive processing with visual factors controlling initial placement of fixations and semantic factors becoming increasingly important in determining fixation time and refixations.
Parafoveal and Peripheral Processing of Pictorial Stimuli
Research has generally supported the predictions of this model with few exceptions. The role of semantic factors has been investigated by means of presenting a consistent (predictable, or low informative) or an inconsistent (unpredictable, and hence more informative) object within a scene. Some studies used eye movement monitoring. Loftus and Mackworth (1978) found that viewers fixated the inconsistent objects earlier than they fixated the consistent objects during the course of scene viewing. Because the distance from the central fixation point to the target object averaged 8°, these data suggest that semantic informativeness was processed in peripheral vision, which exerted an immediate effect on eye movement control and fixation placement. However, with a similar paradigm, neither de Graef, Christiaens, and d'Ydewalle (1990) nor Henderson et al. (1999) found that semantically inconsistent objects were fixated earlier than consistent objects. An additional study used a recognition paradigm . There was no difference in the immediate recognition of an inconsistent versus consistent object that had been presented out of fixation for 200 ms, which suggested that there was no semantic processing of the object. In contrast to these inconsistencies regarding initial fixation placement, all three eyemovement studies found longer fixation times during first-pass fixation, and also more frequent refixations (Henderson et al., 1999; Loftus & Mackworth, 1978) , for inconsistent than for consistent objects. Therefore, in accordance with the Henderson et al. (1999) model, semantic processing does not seem to take place before an object in a scene is foveally fixated, but only after it is initially fixated.
Privileged Access of Emotional Stimuli to the Cognitive System
The model and findings on scene viewing described above are based on research using nonemotional stimuli. However, research on emotional processing has shown that the cognitive system is biased toward stimuli that represent important events for wellbeing and adaptation, that is, emotional stimuli, which are preferentially attended to in comparison with neutral stimuli (see Lang, Bradley, & Cuthbert, 1990 . Presumably, the affective significance of all perceptual input is automatically assessed (Robinson, 1998; Williams, Watts, MacLeod, & Mathews, 1997) . This involves preattentional and quick appraisal independent of awareness and intention. Automatic evaluation of affective significance is functional in allowing a rapid onset of appropriate aversive or appetitive reactions. Moreover, organisms capable of learning have the advantage of using cues to anticipate potential harm and benefit. This enables them to mobilize preparatory resources (metabolic, behavioral, mental) to defend against or to optimize profit from the stimuli in advance, which improves adaptive function. For such a preparatory reaction to be effective it must start quickly, which requires a perceptual system that can detect threat-related and appetitive cues early and automatically.
Research on the processing of emotional pictures has supported this theoretical approach in that briefly presented emotional stimuli are more likely to be identified than neutral stimuli. Thus, pictures of phobic stimuli and angry faces are more easily conditioned and elicit greater skin conductance responses than nonphobic stimuli when presented subliminally (30 ms of exposure) and backwardly masked (see Ö hman & Mineka, 2001 ). Angry and happy face stimuli presented for 30 ms and masked produce consistent electromyographic facial reactions in the viewers (i.e., an increase in the corrugator muscle and in the zygomatic muscle, respectively; Dimberg, Thunberg, & Elmehed, 2000) . Evidence of early processing of emotional stimuli has also been obtained from evoked potentials in the visual cortex. Thus, schematic faces with a negative emotional expression are discriminated at 80 -90 ms of presentation (Eger, Jedynak, Iwaki, & Skrandies, 2003) and more complex emotional scenes are discriminated from neutral scenes around 250 ms after picture onset (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Junghöfer, Bradley, Elbert, & Lang, 2001) . The visual search paradigm has also provided relevant findings. Thus, a discrepant angry or a scheming (threat-related) face are detected faster than are other faces when presented among an array of neutral faces (Ö hman, Lundqvist, & Esteves, 2001; Tipples, Atkinson, & Young, 2002) . Similarly, photographs of phobic animals (Ö hman, Flykt, & Esteves, 2001 ) are detected faster than are neutral stimuli.
The models and research on emotional picture processing suggest that emotional stimuli have privileged early and automatic access to analysis by the cognitive system, which is biased to preferentially process stimuli that have special adaptive importance. This presumably involves a low-threshold perceptual mechanism for detection of emotional content. One way through which this mechanism operates is by reducing the time needed for the stimulus to be identified, as shown by prior research. The current study examines a complementary functional component of this mechanism: a broadening of the visual field for emotional stimuli. This involves processing these stimuli outside the focus of attention, thus dealing with the spatial broadening advantage rather than with the temporal reduction advantage.
The Current Study: Research Questions, Predictions, and Approach
The aims of the current study involved the following specific questions. First, is there parafoveal analysis of pictures depicting emotional scenes (e.g., when the pictorial stimuli are presented more than 2°of visual angle out of foveal fixation)? Second, is specific information about the content of emotional pictorial stimuli obtained in parafoveal vision, or is only their global affective significance obtained? Third, is there preferential parafoveal analysis of emotional versus neutral (nonemotional) scenes when both types of stimuli are presented simultaneously, or does this advantage also hold when each stimulus is presented alone? Fourth, is it the emotional content that enhances parafoveal processing, or do low-level perceptual features account for parafoveal processing differences between emotional and neutral stimuli?
To attempt to answer these research questions, we proposed the following predictions and method. First, emotional scenes will more likely be perceived than will neutral scenes in parafoveal vision. To examine this issue, we presented pairs of pictures (one emotional and one neutral) on each trial with the inner edge of each picture located at 2.1°or 2.5°of visual angle from the central (foveal) fixation point. Two main functions of parafoveal processing were explored: initial orienting of overt attention to the emotional scene, as revealed by the first eye movement from the central fixation point toward one of the parafoveal pictures when there were no restrictions in eye movements, and priming of parafoveal pictures on subsequent probe pictures, as revealed by facilitation in the immediate recognition of the emotional scene in conditions in which foveal encoding time of the pictures was limited or foveal resource allocation to any picture was prevented.
Second, specific information will be extracted from emotional stimuli in parafoveal vision, not only the overall gist or a global impression of whether the stimulus is pleasant or unpleasant. To examine this issue, following the presentation of two prime pictures and a mask, we presented a probe picture for recognition. Sometimes the probe (Probe A) had the same specific content and affective valence as one of the primes but a different perceptual form (i.e., color, size, and orientation). On other occasions, the probe (Probe B) was different from both primes in specific content (and form), but it was of the same affective valence and topic as one of the primes. Evidence of parafoveal priming of specific content will involve facilitation in the accurate recognition (hit rate and reaction times) of Probe A (hence surviving the change in low-level features), with no more false alarms for Probe B.
Third, there will be preferential parafoveal processing of emotional scenes in comparison with neutral scenes. To examine this issue, we presented either two simultaneous prime pictures (one emotional, one neutral) or only a single picture at a time. Preferential processing will involve better recognition of the emotional scene than the neutral scene when presented simultaneously, that is, when there is competition for processing resources. In contrast, when each picture is presented individually, there will be no significant differences between emotional and neutral scenes. This single-picture presentation serves as a control condition for characteristics such as complexity, distinctiveness, and so forth, which could make emotional scenes more easily perceivable as primes, or more easily recognizable as probes, than neutral scenes.
Fourth, emotional content per se will be a genuine factor responsible for the preferential parafoveal analysis of scenes. Pictorial stimuli differ not only in meaning but also in low-level visual features, which are an important factor in attentional orienting. It is possible that the advantage of emotional scenes could be due to characteristics such as greater luminance, contrast, or amount of color saturation. To rule out this alternative hypothesis, we made these features equivalent for the emotional and the neutral pictures. If meaning or content are responsible for the preferential attention to emotional scenes, then this effect should hold when the contribution of perceptual features is controlled.
We addressed these issues in a series of nine experiments. In Experiment 1, initial orienting to neutral-emotional pairs of parafoveal pictures was assessed by the probability of first fixation on one of the pictures. In Experiments 2-4, the role of encoding time was examined for pairs of pictures exposed for 300, 450, or 900 ms on the assumption that, although both pictures were parafoveally presented, one of them was more likely to be foveally fixated (i.e., overt attention) than the other. In Experiments 5-7, the role of parafoveal resource allocation (i.e., covert attention) was determined for pairs of pictures exposed for 150 ms under varying attentional demands on the assumption that no picture could be foveally fixated. Finally, Experiments 8 -9 involved control conditions in which the pictures were presented individually, rather than paired, to explore potential basic differences in perceivability and/or retrievability between the emotional and the neutral pictures.
Experiment 1
To assess initial orienting of gaze to stimuli that appeared in parafoveal vision, we presented two pictures (one emotional, one neutral) simultaneously for 3 s on each trial, with each picture located horizontally at 2.5°of visual angle from a central fixation point. Participants looked at the pictures freely for a later recognition test. We monitored the placement of the first fixation of the eyes on one of the pictures following the onset of the stimulus display. We assumed that, during free viewing, the orientation of the eyes and the shifts in attention are functionally coupled, such that spatial orientation of the eyes (overt attention) closely follows and is directed by prior shifts in covert attention (see Findlay & Gilchrist, 2003; Hoffman, 1998) . Thus, if the emotional scene of a pair is especially likely to be processed parafoveally while the eyes are still placed on a central fixation point, viewers will make their first eye movement toward this scene. Once parafoveally perceived, gaze will be oriented to the emotional scene because of the attentional-drawing ability of this type of stimuli (e.g., Bradley, Cuthbert, & Lang, 1996) .
Method
Participants. The 24 participants (17 women and 7 men) in Experiment 1, and those in the following experiments, were undergraduate psychology students at the University of La Laguna, and they participated for course credit. The participants were different for all the experiments, and were between 18 and 25 years of age. They were requested to participate during a regular class a few days before the experimental session. They were then informed that they would be presented with photographs of which some could be pleasant or unpleasant in content, and that they could refuse to participate in or withdraw from the experiment at any time if they wished. All agreed to participate and completed the session.
Stimuli. We used 64 digitized color photographs as target stimuli, of which 32 were of neutral affective valence (i.e., nonemotional), 16 were unpleasant, and 16 were pleasant. Each emotional picture was randomly paired with a neutral picture on each trial. All target pictures depicted people either (a) in a variety of daily activities (neutral scenes), (b) suffering harm (unpleasant scenes: violent attacks, seriously injured, or dead people, and expressions of pain, crying, and despair), or (c) enjoying themselves (pleasant scenes: sports and recreational activities, heterosexual erotic couples, expressions of love and romance, happy families, and babies). These target pictures were presented in both an encoding phase and a later delayed-recognition phase. In addition, there were 64 filler pictures, of which 12 pairs were used to control for primacy and recency effects, and 20 pairs were interspersed among the target trials. All filler pictures depicted things and animals and were neutral in affective valence. The filler stimuli were presented in the encoding phase only. Finally, for only the recognition phase, an additional group of 64 matched pictures was presented that had not appeared in the encoding phase but was related in content and valence to the target pictures presented in the encoding phase. The stimuli were selected from the International Affective Picture System (IAPS; Center for the Study of Emotion and Attention, 1999).
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The viewing distance from the participants' eyes to the screen on which the stimuli were displayed was 180 cm. In the encoding phase, each picture subtended a visual angle of 17.9°(width; 50.5 cm) by 14.8°(height; 41.5 cm). A central fixation point was located between the two pictures at 2.5°o f visual angle (8 cm) from the inner edge of each picture; thus, there were 5°between the inner edges of the two pictures in a pair and 11.4°between the fixation point and the center of each picture. In the memory phase, each picture subtended a visual angle of 47.2°(width; 140 cm) by 35.9°(height; 104 cm). Apparatus. The pictures were displayed on a 210-cm high ϫ 190-cm wide white screen by means of a Hitachi CP-S317 LCD projector (Tokyo, Japan) connected to a PC, which controlled the presentation of stimuli and the collection of responses. A digital Panasonic NV-MX7EG camera (Osaka, Japan) recorded the participant's eye position in time and space every 20 ms with a 50-Hz sampling rate (i.e., 50 frames per second spatial resolution accuracy of the camera was 2.5°of visual angle. At the beginning of each trial, the participant was asked to look at a central fixation point, which served to determine the location of the gaze and subsequent changes in gaze direction to any of the pictures in the pair.
Procedure. The participants sat in a chair with an adjustable chin rest, and their forehead rested against a rounded bar to allow minimal movement and keep the distance from the stimuli constant. We informed the participants that pairs of photographs to be attended to would be presented in an initial phase and that some of these would be presented later, along with other photographs, for recognition. There were three phases in the experimental session: picture encoding (of specific interest in this experiment), verbal distraction, and picture memory. In the encoding phase, on each trial, a pair of pictures (one neutral and one emotional-either pleasant or unpleasant) was presented. The within-trial sequence was as follows: (a) a cross (the fixation point) appeared for 750 ms at the center of the screen; (b) the cross was replaced, on the same location, by a number (either 1, 2, or 3) for 500 ms that the participant had to pronounce aloud (this served to ensure that the participant's gaze was located on the central fixation point just before the presentation of the stimuli); (c) a pair of pictures was displayed on the screen horizontally, side by side (16 cm apart), for 3 s; and (d) a 2-s blank interval gave way to the next trial. At the end of the encoding phase, a verbal distraction phase began, during which one string of letters (either a word or a nonword) was presented on each trial, and the participant performed a lexical-decision task (by pressing one of two keys). After 5 min with the verbal task, the memory phase started, in which one picture was presented on each trial, and the participant responded whether it was old (presented in the encoding phase) or new (not presented previously). Each picture remained on the screen until the participant responded (by pressing one of two keys).
For the encoding phase, emotional and neutral stimuli were randomly paired in four different combinations for each picture with each combination viewed by 6 participants. The visual field was counterbalanced such that half of the participants received the emotional picture of the pair on the right and the other half received it on the left. Each participant saw the 32 target-picture trials and the 32 filler-picture trials in a different random order. Later, in the memory phase, one picture at a time was presented for recognition in random order. In this memory phase, all participants saw the 64 target pictures and an additional set of 64 matched pictures that had not been presented in the encoding phase but that were comparable in affective valence to the target pictures.
The measure of specific interest was the probability of first fixation on either the emotional or the neutral picture of each pair, after the eyes launched from the central fixation point, in the encoding phase. To assess this measure, we played back the videotapes at a low speed varying from one fifth of normal speed to one 50-Hz frame at a time (i.e., every 20 ms). In addition, correct recognition responses (hits, for the target stimuli) and reaction times were collected, as well as false alarms (for the matched stimuli).
Results
Characteristics of the stimuli. We compared the three groups of target pictures (unpleasant, neutral, and pleasant) in (a) emotional characteristics such as affective valence and arousal, (b) visual features such as luminance, color saturation, and contrast, and (c) cognitive characteristics such as complexity of the presentation medium and face area. Emotional stimuli should differ from neutral stimuli only in both emotional characteristics. Table 1 shows mean scores for each of these variables. One-way analyses of variance (ANOVAs) were conducted on these variables with an emotional category factor (unpleasant vs. neutral vs. pleasant) followed by Bonferroni-corrected multiple post hoc comparisons.
Valence and arousal ratings for each picture (on a 9-point scale) have been obtained in norming studies conducted in undergraduate Spanish samples (Moltó et al., 1999) , which have yielded comparable results to norming studies in the United States (Lang, Bradley, & Cuthbert, 1999) . Valence (unpleasantness vs. pleasantness) reflects the dominant motive system activated (avoidance or approach); arousal reflects the intensity of motive system activation. For the target stimuli used here, the ANOVA yielded an effect on valence ratings, F(2, 61) ϭ 428.53, p Ͻ .0001. Post hoc comparisons showed significant differences among the three stimulus categories (all ps Ͻ .0001). There was also an effect on arousal ratings, F(2, 61) ϭ 77.74, p Ͻ .0001, with higher arousal for both the unpleasant and the pleasant stimuli than for the neutral stimuli (both ps Ͻ .0001) but no differences between the pleasant and the unpleasant stimuli. Note. A different subscript letter indicates that the corresponding scores are significantly different between types of scenes. Matched items were used in Experiments 2-9 to detect false alarms.
With Adobe Photoshop software (see Ochsner, 2000) , we computed average luminance and color saturation (red, green, and blue) values for each target picture. We slightly adjusted the luminance of some of the original pictures to make them comparable. In addition to average values, we analyzed standard deviation values, as an index of contrast. The ANOVA showed no significant differences between the unpleasant, the neutral, and the pleasant pictures in luminance or color saturation (either average or contrast, all Fs Ͻ 1, with the exception of average red saturation, F[2, 61] ϭ 1.27, p ϭ .29, ns).
Complexity of digitized pictures has been assessed in terms of the number of bytes of the compressed image file size (e.g., in JPEG format), on the assumption that the more complex the image, the larger the file (Buodo, Sarlo, & Palomba, 2002) . We cut off the areas near the edges of some pictures to make them comparable in complexity. In addition, on the assumption that faces of people could be especially informative and attractive of attention, we assessed the percentage of the area occupied by faces in each picture by using the grids of the Adobe Photoshop software (the total area of each picture was divided into 1,036 identical squares, and the number of squares filled by faces was determined). The ANOVA showed no significant differences in file Kilobytes, F(2, 61) ϭ 1.63, p ϭ .20, ns, or in face area, F(2, 61) ϭ 1.84, p ϭ .17, ns, among the unpleasant, neutral, and pleasant stimuli.
Initial orienting of the eyes. We conducted two-way ANOVAs on the probability of first fixation on each picture in a trial with emotional valence (pleasant vs. neutral or unpleasant vs. neutral) and visual field (left vs. right) as within-subjects factors. For trials in which an unpleasant and a neutral picture were paired, the ANOVA yielded a significant effect of valence, F(1, 23) ϭ 7.37, p Ͻ .025, p 2 ϭ .24, with a higher probability of first fixation on the unpleasant (M ϭ .563) than on the neutral (M ϭ .437) scene.
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For trials in which a pleasant and a neutral picture were paired, the ANOVA yielded a significant effect of valence, F(1, 23) ϭ 6.23, p Ͻ .025, p 2 ϭ .21, with a higher probability of first fixation on the pleasant (M ϭ .551) than on the neutral (M ϭ .449) scene. In both the unpleasant-neutral and the pleasant-neutral comparisons, there was a nonsignificant trend ( ps ϭ .28 and .17, respectively) for pictures presented in the left field (M ϭ .524 and .525, respectively) to be more likely fixated in first fixation than those in the right field (M ϭ .476 and .475, respectively).
Memory performance. We conducted one-way ANOVAs on correct (hits) and incorrect (false alarms) recognition scores, on sensitivity (AЈ; see details in Experiment 2), and on reaction times for hits with emotional valence as a factor (unpleasant vs. neutral vs. pleasant), followed by Bonferroni corrected post hoc contrasts. There was an effect on hits, F(2, 22) ϭ 10.38, p Ͻ .001, p 2 ϭ .48, but not on false alarms (F Ͻ 1) with more hits for unpleasant (M ϭ .805, p Ͻ .025) and pleasant (M ϭ .824, p Ͻ .001) scenes than for neutral scenes (M ϭ .671); false alarms were equivalent (unpleasant ϭ .112, neutral ϭ .091, pleasant ϭ .109). Sensitivity (AЈ) was also affected, F(2, 22) ϭ 7.41, p Ͻ .01, p 2 ϭ .40, with higher scores for unpleasant (M ϭ .912) and pleasant (M ϭ .917) scenes than for neutral scenes (M ϭ .872; both ps Ͻ .05). An effect on reaction times, F(2, 22) ϭ 9.99, p Ͻ .001, p 2 ϭ .48, showed faster responses for neutral (M ϭ 864 ms) than for (both ps Ͻ .001) unpleasant (M ϭ 1,064 ms) and pleasant scenes (M ϭ 1,068 ms).
Discussion
When emotional and neutral scenes were presented simultaneously in parafoveal vision, the eyes moved first toward both the pleasant and the unpleasant stimuli rather than toward the neutral stimuli. This reveals initial orienting to the emotional stimuli. If we assume that shifts of covert visual attention precede eye movements to a location in space (see Findlay & Gilchrist, 2003; Hoffman, 1998) , then the fact that first fixation was more likely to be directed to the emotional scene of the pair implies that this must have been attended covertly (i.e., parafoveally) more likely than the neutral scene. These findings of initial orienting to emotional scenes have been recently corroborated in study performed by Nummenmaa, Hyönä, and Calvo (2005) , using a highly reliable eyetracker (with a 500-Hz sampling rate and a spatial resolution better than 0.5°of visual angle). These authors also found that the first fixation was especially likely to be placed onto the emotional picture of neutral-emotional pairs, with no differences between emotional and neutral stimuli in the saccade latency for first fixation. Because this occurred when differences in perceptual features between the emotional and the neutral stimuli were minimized, it is suggested that the meaning of the emotional scenes was responsible for such an early orienting effect, that is, something of their content was processed parafoveally, which then drew overt attention.
An important question now concerns what kind of meaning was processed in parafoveal vision: particularly, whether it was only a global impression of the emotional valence of the scenes or the overall gist that was extracted, or whether a more specific cognitive representation of the content was extracted. The paradigm that we used in the current experiment does not allow us to decide about this issue. The memory measures were collected several minutes after the scenes were presented, and therefore the original representation might have changed. Most important, after initial orienting following parafoveal processing, the viewers had the time to look overtly at the scenes for 3 min, and so the memory measures probably reflect what was seen in foveal vision rather than in parafoveal vision. That is, the fact that emotional scenes were especially likely to be recognized in the memory test (see also Bradley, Greenwald, Petry, & Lang, 1992; Ochsner, 2000) was probably due to the attentional resources being allocated foveally during the 3-s presentation rather than to prior parafoveal processing. Thus, in the following experiments, we adopted two new approaches. First, the role of encoding time and parafoveal resource allocation was examined by presenting the stimuli for 150 -900 ms under varying concurrent task demand conditions. Second, an immediate recognition test was used with sensitivity measures to distinguish between processing of global affective significance and specific cognitive content.
Experiments 2, 3, and 4
In Experiments 2-4, we investigated whether preprocessing in parafoveal vision of emotional scenes saves time in the subsequent foveal processing of emotional scenes in comparison with neutral 2 Partial eta squared (i.e., p 2 ) is a measure of effect size that reflects the proportion of variance that is accounted for by specific factors or their interaction. Eta squared values around .15 are generally considered large effect sizes.
scenes. In Experiment 1, we found that emotional scenes attract the placement of the first fixation when presented with neutral pictures. Because the scenes were presented parafoveally with respect to a central fixation point, this finding suggests that the emotional pictures were more likely to be processed in parafoveal vision than were the neutral pictures and that the first fixation was driven by this prior parafoveal attention shift. It follows that this parafoveal preprocessing of emotional scenes will facilitate their encoding when they come under foveal inspection, and therefore they will need less foveal encoding time or will be processed more accurately than will neutral scenes when foveal encoding time is reduced. The more likely it is that information is extracted from a scene parafoveally, the less foveal encoding time it will need later to be identified.
To examine the role of encoding time as a function of parafoveal preprocessing, we presented pairs of neutral-emotional prime pictures parafoveally for either 300 ms (Experiment 2), 450 ms (Experiment 3), or 900 ms (Experiment 4). Prior research on oculomotor processes has shown that minimal saccade latency is 150 ms (see Rayner, 1998) . In recent eye-movement research using paired presentation of emotional-neutral pictures, the average time taken to move the eyes from the central fixation point to either picture was 451 ms-452 ms for emotional pictures and 449 ms for neutral pictures (Nummenmaa et al., 2005) .
3 Thus, for the current experiments, we varied the time available for foveal encoding following parafoveal presentation. Within the 300 -450-ms range some viewers could have time to look at one scene in the pair, whereas both scenes could be looked at within 900 ms by most viewers. It is predicted that the advantage in the processing of the emotional scenes, in comparison with neutral scenes, will appear especially in the conditions with less foveal encoding time available. The reason is that the emotional scenes would have received preferential parafoveal preprocessing, which could compensate for the reduction in foveal encoding time.
In all three experiments, following the parafoveal presentation of pairs of prime pictures and a mask, there was an immediate recognition test on a foveal probe picture: Either (a) one of the two prime pictures was displayed again (although different in size, color, and left-right orientation) as a probe for recognition (targetpresent trials) or (b) a related (matched in valence and general content), but different in specific content, probe picture was presented (target-absent or catch trials). The matched items were used to examine false alarms and estimate sensitivity. This serves to determine whether the advantage in the processing of emotional scenes involves only global affective significance or specific cognitive meaning. If there is semantic processing, recognition will be greater for emotional than for neutral scenes in the target-present trials with no differences in the catch trials.
Method
Participants. There were 24 participants (16 women and 8 men), 28 (19 women and 9 men), and 24 (15 women and 9 men) participants in Experiments 2, 3, and 4, respectively.
Stimuli. In all three experiments we used the same stimuli and type of trials. For the target-present trials, we used the same 64 target pictures (32 neutral, 16 pleasant, 16 unpleasant) as in Experiment 1. An additional group of 64 pictures was selected for the catch trials. Each of these was matched with one of the target pictures in topic, presence of people, valence, and arousal. Most of the matched stimuli were also selected from the IAPS (Center for the Study of Emotion & Attention, 1999), although it was necessary to make an additional search for 20 of them. Pairwise contrasts between the target and the matched pictures revealed no significant differences in valence or in arousal. In addition, the significant differences in valence and arousal between the unpleasant, neutral, and pleasant pictures held within both the target pictures and the matched pictures (see mean scores in Table 1 ). Thus, the target and the matched scenes were related in general content and emotionality, but their specific content was different. Figure 1 shows examples of target and matched scenes. When presented for encoding, as primes, all pictures were in their original colors, reduced size, and their original spatial orientation. Each prime picture subtended a visual angle of 13.3°(width; 11.2 cm) by 10.9°( height; 9.2 cm). A central fixation point was located horizontally between the two pictures, at 2.1°of visual angle (1.75 cm) from the inner edge of each picture. Thus, there were 4.2°between the inner edges of the pictures and 8.7°between the fixation point and the center of each picture. When presented for recognition, as probes, all pictures were in grayscale, increased in size, and their left-right orientation was inverted (as in a mirror). Each probe picture subtended a visual angle of 35.8°(width; 31 cm) by 26.9°(height; 23 cm).
Apparatus and procedure. The pictures were displayed on a SVGA 17-in. monitor with a 100-Hz refresh rate, at a resolution of 800 ϫ 600 pixels, connected to a Pentium III computer. The E-Prime experimental software (version 1.0; Schneider, Eschman, & Zuccolotto, 2002) controlled stimulus presentation and response collection. Participants positioned their heads on a chin and forehead rest with their eyes located at a distance of 48 cm from the center of the screen. Response accuracy and latency were collected through presses on specified keys of the computer keyboard.
We informed participants that they would be presented with pairs of photographs, of which some could be pleasant or unpleasant. Initially, the participant were to fixate on a central cross until two color photographs appeared. Then these photographs were to be looked at because one of them could be presented for immediate recognition. We made it clear that the photograph for recognition would increase in size, change from color to grayscale, and change in left-right orientation. The participant was to respond, as soon as possible, whether this formally modified photograph had, nevertheless, the same content as one of the two previously paired photographs by pressing a yes key (L) or a no key (D) on a keyboard. After 12 practice trials, there were 128 experimental trials in two blocks of 64 trials each with a rest interval. Figure 2 shows the sequence of events in each trial. A trial started with a central cross as a fixation point for 750 ms. Then there was a 100-ms blank interval, and the cross appeared again for 150 ms. This flashing of the cross served to maintain the viewer's attention on the central location just before the pictures appeared. Following offset of the fixation cross, a pair of pictures (one emotional, one neutral) was displayed parafoveally (at 2.1°on both sides) for 300 ms (Experiment 2), 450 ms (Experiment 3), or 900 ms (Experiment 4). A mask (a random combination of colors) was then presented for 500 ms. Finally, a probe (either target or matched) picture appeared for recognition until the participant responded. Following an intertrial interval of 2 s, a new trial began.
Each participant saw each of the 128 experimental pictures once as a probe in the recognition test. The target probe appeared in one block and the corresponding matched probe appeared randomly in the other block. Each participant saw each picture as a prime four times (twice in each block), each time paired with a different prime picture (thus, there were four random combinations of pictures as primes). On two of these four occasions, the to-be-probed picture appeared in the left visual field; on another two, the picture appeared in the right field. In each visual field, the prime preceded an identical (in specific content, although different in color, size, and orientation) probe once (i.e., target trials) and it preceded a related (matched in topic and emotionality, although different in form and specific content) probe once (i.e., catch trials). This produced a within-subjects factorial combination of emotional valence of the prime (unpleasant vs. neutral vs. pleasant), prime-target relationship (target presented vs. nonpresented), and visual field in which the prime was presented (left vs. right). All trials were presented in random order for each participant.
Results
For Experiments 2-4, the frequency of hits (i.e., correct yes responses to probes in target-present trials) and false alarms (i.e., incorrect yes responses to probes in target-absent, or catch, trials) were converted to the proportion or percentage of hits (PH) and false alarms (PFA) in recognition performance for each participant. Then these proportions were converted to a nonparametric index of sensitivity or discrimination, AЈ (see Gardiner, Ramponi, & Richardson-Klavehn, 2002, and Snodgrass & Corwin, 1988) , according to the following formula:
AЈ scores vary from less to more sensitivity in a .0 to 1.0 scale, where .5 represents the chance level. In addition, a response bias index, BЉ, was computed (see Gardiner et al., 2002; Snodgrass & Corwin, 1988) , according to the formula:
. BЉscores vary from Ϫ1.0 to 1.0: A positive value indicates a strict or conservative criterion, a zero value indicates a neutral criterion, and a negative value indicates a liberal or lenient criterion.
For Experiments 2-9, ANOVAs of 3 (emotional valence: unpleasant vs. neutral vs. pleasant) ϫ 2 (visual field: left vs. right) were conducted separately for the percentage of hits, false alarms, sensitivity scores, bias scores, and reaction times for both hits and correct rejections. When main effects of valence appeared, post hoc comparisons were conducted, with alpha levels determined by Bonferroni corrections. Mean scores for Experiments 2-4 are shown in Table 2 .
In Experiment 2, a main effect of emotional valence on the proportion of hits, F (2, 22) (M ϭ 965 ms). In addition, reaction times were shorter for hits (M ϭ 869 ms) than for correct rejections (M ϭ 1,007 ms) The interactions reflected the fact that there were significant differences between both pleasant and unpleasant scenes in comparison to neutral scenes in both the 300-and 450-ms conditions, but these differences were reduced and remained significant only between the pleasant and the neutral scenes in the 900-ms condition. No more main effects of display duration or interactions emerged.
Discussion
Emotional scenes were generally identified more accurately than were neutral scenes, although the difference between emotional and neutral scenes decreased or disappeared at the longest duration. The fact that both hits and sensitivity increased systematically with increased prime display duration confirms that the encoding time manipulation was effective. There was also a consistent finding of faster recognition for primes presented in the right visual field than in the left visual field and no significant differences between emotional and neutral pictures in recognition times. Another important finding is that the greater hit rate for emotional scenes in the target-present trials did not occur at the cost of more false alarms in the catch trials. This indicates that the advantage in emotional scene processing involved a precise cognitive representation rather than merely the overall gist or a global affective impression. Because some of these findings occurred also in the other experiments, we examine them in the General Discussion.
We predicted that if there is preferential parafoveal processing of emotional scenes in neutral-emotional pairs, this should save time for subsequent foveal encoding of the emotional scenes (in addition to driving the first fixation to the emotional scene, as shown in Experiment 1). This preprocessing or parafoveal priming advantage would be reflected in more accurate identification of the emotional scenes particularly when foveal encoding time is reduced. This prediction was generally supported by the results of these experiments. A more clear-cut demonstration, however, would have involved an absence of differences in recognition between emotional and neutral scenes at the 900-ms display. The fact that in this condition there was still a trend of greater recognition and sensitivity for emotional than for neutral scenes suggests not only that emotional scenes attract the first fixation but that they also engage attention longer. The attentional engagement properties of emotional pictorial stimuli, and the slow disengagement from these, have already been demonstrated (Fox, Russo, Bowles, & Dutton, 2001; Lang, Greenwald, Bradley, & Hamm, 1993) . In Experiments 2-4, the late attentional engagement to the emotional scene presumably reduced foveal attention to the neutral scene, as both scenes competed for attention. This would explain why there was still a recognition advantage for the emotional scenes even with enough time for fixating also on the neutral picture of the pair, which probably was assigned less encoding time than was the emotional picture.
Nevertheless, the results from Experiments 2-4 cannot demonstrate genuine parafoveal processing. The superior recognition of emotional scenes could have been mainly due to their foveal processing, and parafoveal processing would have had only an indirect processing effect, which would lead the eyes to fixate on the emotional scene. The reason is that, although the average time for starting the first fixation in one of the paired pictures has been found to be 451 ms (see above; Nummenmaa et al., 2005) , in the current display conditions (even in the shorter ones, i.e., 300 ms and 450 ms), participants (or at least some of them) probably had some time to overtly look at the scenes (or at least one in each pair) following parafoveal analysis. Thus, the parafoveal effects on recognition would have been only indirect, that is, by driving the eyes preferentially to the emotional scene for further foveal encoding. A new condition is required that allows us to separate the 
Experiment 5
In Experiment 5, we presented each pair of emotional-neutral pictures for 150 ms. There is evidence that minimal saccade latency for an eye movement leading to foveal fixation is 150 ms (see Rayner, 1998) . Thus, if the fixation point is presented for 150 ms and serves to maintain foveal attention, it is very unlikely that an eye movement will be directed toward one or the other picture of the pair. In such conditions, because pictures were located 2.1°a part from the fixation point, they could only be seen parafoveally. We predicted that the emotional scene would receive preferential parafoveal processing, which would yield a more accurate and/or faster identification of this scene than of the neutral scene in the recognition test.
Method
There were 24 participants (16 women and 8 men). The stimuli, apparatus, and procedure of Experiment 5 were the same as those in Experiments 2-4, except that, in Experiment 5, the prime pictures were displayed for 150 ms (see Figure 2) . (M ϭ 1,038 ms) . In addition, reaction times were shorter for hits (M ϭ 956 ms) than for correct rejections (M ϭ 1,050 ms), F(1, 23) ϭ 99.15, p Ͻ .0001, p 2 ϭ .81. The results of Experiment 5 suggest that there is genuine parafoveal processing of the emotional scenes. Under conditions assumed not to allow any foveal fixation on the stimuli, there was greater recognition performance and higher sensitivity for emotional scenes than for neutral scenes. The previous experiments have revealed two functions of preferential parafoveal analysis of emotional scenes when presented simultaneously with neutral scenes: (a) orienting of overt attention to the emotional scene (Experiment 1) and (b) facilitation of the subsequent foveal encoding of the emotional scene (Experiments 2-4). Experiment 5 goes further in showing a direct contribution of parafoveal vision to the preferential processing of the specific content of emotional scenes, in advance of any foveal fixation.
Results and Discussion
This conclusion, nevertheless, rests on the assumption that the participants were looking at the central fixation point when the pictorial stimuli were displayed. This assumption could, however, be wrong if, after having looked at the second fixation point, the viewers had initiated a saccade to either the left or the right, which would have enabled them to see one of the pictures foveally, although very briefly. This was unlikely to have occurred because the second fixation point was displayed for only 150 ms, which is the minimal time required for initiating a saccade, which should be added to the time involved in the execution of the movement to the target picture. Furthermore, if an eye movement were initiated toward the location in which one of the pictures would appear following the fixation point, this movement could not have been determined by the content of the scene because the pictures would have not yet appeared. Thus, there is no reason to expect an advantage in the identification of emotional scenes, as these appeared the same number of times on the right and the left. Nevertheless, the possibility of saccadic movements toward areas outside the fixation point cannot be totally ruled out in Experiment 5, and therefore we conducted Experiment 6.
Experiment 6
By means of a concurrent foveal load, we tried to prevent any potential foveal saccades outside the central fixation point either in advance or during the display of the scenes. A similar paradigm has been previously used in research on parafoveal processing of words (see Duscherer & Holender, 2002) . In this experiment, the parafoveal pictures were presented at the same time as a letter, which replaced a central fixation cross (i.e., on the same location) between the two pictures. During the 150-ms display of the pictures and the letter, the participants had to pronounce the letter. This required that the viewer looked at the central fixation point to perform the letter identification task, and therefore the only processing that could be obtained from the pictures was parafoveal. Recognition accuracy (AЈ Sensitivity) as a function of exposure duration of the primes for Experiments 2-5 and 8 -9 (* ϭ significant differences between neutral and both pleasant and unpleasant scenes; # ϭ significant differences between pleasant and neutral scenes; * and # refer only to the dual-stimuli studies). Exp. ϭ Experiment.
Method
There were 24 (18 women and 6 men) participants. Experiment 6 was identical to Experiment 5 with one important exception. In Experiment 6, during the presentation of the parafoveal prime pictures, there was a concurrent foveal task: The letter A or O appeared at the central fixation point, and the participant had to name the letter aloud. Each letter appeared randomly in 50% of the trials. There were less than 5% of errors and omissions in letter naming. Figure 4 shows the sequence of events in a trial and an illustration of how the stimuli were presented. Table 3 shows mean scores on each dependent variable. The effects of emotional valence on hit rate did not reach statistical significance, F(2, 22) ϭ 2.32, p ϭ .12, p 2 ϭ .17, and there were no reliable effects on false alarms, sensitivity, and response criterion. For correct reaction times, a visual field effect was significant both for hits, F(1, 23) ϭ 4.86, p Ͻ .05, p 2 ϭ .17, and correct rejections, F(1, 23) ϭ 4.36, p Ͻ .05, p 2 ϭ .16, with faster recognition responses when the prime pictures had been presented in the right field (M ϭ 973 ms) than in the left field (M ϭ 1,032 ms). In addition, reaction times were shorter for hits (M ϭ 954 ms) than for correct rejections (M ϭ 1,051 ms), F(1, 23) ϭ 29.60, p Ͻ .0001, p 2 ϭ .56. There were no recognition differences as a function of emotional valence. Although there was a nonsignificant trend for emotional scenes to be identified better than neutral scenes, little information was probably obtained, as revealed by the low hit rate and sensitivity scores. These findings seem inconsistent with those of Experiment 5, as they suggest that there is no parafoveal semantic processing and no advantage for emotional scenes. There is, however, an alternative explanation. It is likely that the foveal load task (i.e., naming the central letter) produced interference and depleted the necessary resources for parafoveal processing of the scenes in addition to preventing their foveal analysis. Parafoveal processing can be automatic in the sense of being involuntary and independent of controlled attentional resources, but it probably requires some cognitive capacity to be available. Thus, Lavie and Fox (2000) demonstrated that parafoveal processing of verbal stimuli is less likely to occur under conditions of perceptual foveal load. If insufficient resources are available for both the parafoveal and the foveal task, resources will be allocated in priority to the foveal task. Even simple letter discrimination can consume most of the capacity if it has to be performed in such a short time as 150 ms.
Results and Discussion

Experiment 7
To remove foveal interference effects, while preventing foveal fixation on the parafoveal stimuli, overt attention must be captured and oriented to an exogenous cue that does not involve additional cognitive processes. Cuing paradigms that fulfill these conditions have been used in the investigation of word priming (e.g., Ortells, Abad, Noguera, & Lupiañez, 2001 ). We adapted one such paradigm. Thus, following an initial central fixation cross, an asterisk was presented as a cue for 150 ms, 5°above or below fixation, and then the prime pictures were presented parafoveally. This presentation produces the visual impression of a moving fixation point. Research on attention to pictures has demonstrated that, if something moves in a scene, the movement drives the eyes to that location (Boyce & Pollatsek, 1992) . Thus, we expected that foveal attention would be oriented to the moving cue (i.e., the asterisk) immediately before the onset of the pictures. Because the moving cue was exposed for only 150 ms, a new saccadic movement outside this cue was highly unlikely. Thus, the pictures could not be foveally fixated, however they could still be seen parafoveally. 
Note. A different subscript letter (a or b) indicates significant differences between valence categories (vertical).
A l-r subscript shows significant differences between the left and the right visual field (horizontal; only for reaction times).
In contrast to the letter identification and naming task, this procedure did not require the performance of any interfering cognitive processes or responses. Therefore, cognitive capacity was available for parafoveal processing of the pictures while foveal attention was allocated elsewhere.
Method
There were 24 participants (17 women and 7 men). Experiment 7 was identical to Experiment 5 with one important exception. In Experiment 7, the cue serving as the second fixation point (an asterisk, after the blank interval following the first fixation point) appeared in a different location from that of the first fixation point (a cross; see Figure 4 ). Thus, whereas the central cross was in the middle of the space between the pictures, horizontally (2.1°apart from the inner edges of each picture) and vertically (5.4°apart from the upper and the lower inner vertices), the peripheral asterisk appeared horizontally centered (2.1°) but vertically displaced (Ϯ 5°) near the upper or the lower vertices of the pictures. Therefore, the peripheral fixation point was at the same distance from the inner edges of the pictures that the central fixation point was (2.1°), although the former was a little more distant (9.9°) from the center of the picture than was the latter (8.7°). Figure 5 shows sensitivity scores across Experiments 5-7 and Experiment 9 as a function of resource demands for 150-ms prime display conditions. Table 3 shows mean scores on each dependent variable. An effect of emotional valence on hits, F(2, 22) ϭ 6.46, p Ͻ .01, p 2 ϭ .37, indicated that the hit rate was higher for unpleasant and pleasant pictures (both ps Ͻ .05) than it was for neutral pictures. An effect of valence on AЈ scores, F(2, 22) ϭ 6.80, p Ͻ .01, p 2 ϭ .38, showed that sensitivity was higher for both unpleasant and pleasant pictures (both ps Ͻ .05) than for neutral pictures. There were no significant effects on false alarms and BЉ scores. Correct reaction times varied as a function of visual Figure 5 . Recognition accuracy (AЈ Sensitivity) as a function of resource demands in the 150-ms exposure duration of the primes for Experiments 5-7 and 9 (* ϭ significant differences between neutral and both pleasant and unpleasant scenes). field both for hits, F(1, 23) ϭ 7.20, p Ͻ .025, p 2 ϭ .24, and correct rejections, F(1, 23) ϭ 6.34, p Ͻ .025, p 2 ϭ .22, with faster responses for prime pictures in the right field (M ϭ 932 ms) than in the left field (M ϭ 1,005 ms). In addition, reaction times were shorter for hits (M ϭ 968 ms) than for correct rejections (M ϭ 1,069 ms), F(1, 23) ϭ 26.40, p Ͻ .0001, p 2 ϭ .53. The results of Experiment 7 replicated those of Experiment 5. There was greater recognition performance and sensitivity for emotional scenes than for neutral scenes. This occurred when a moving cue captured foveal attention immediately before the onset of the pictures in parafoveal vision and left no time to make a saccade to the pictures. In fact, after the experiment, all the participants admitted that the second fixation point generally attracted their gaze without their being able to prevent this from occurring.
Results and Discussion
Thus far, in Experiments 2-7, we have assumed that the advantage in parafoveal processing of emotional scenes, relative to neutral scenes, is that the former receive preferential covert attention when competing for resources, that is, when they are presented simultaneously. An alternative possibility is that the emotional scenes are simply more easily perceivable or retrievable than the neutral scenes when presented in foveal (or parafoveal) vision regardless of whether they have to compete for attentional resources. Thus, the advantage in recognition and sensitivity of the emotional stimuli could be attributed to their inherent distinctiveness rather than to a more likely parafoveal attraction of attention. This alternative hypothesis was addressed in Experiments 8 and 9 by presenting the pictures individually rather than paired.
Experiments 8 and 9
Experiments 8 and 9 served as control conditions for Experiments 3 and 5, respectively. The neutral and the emotional scenes were presented individually for 450 ms (Experiment 8) or 150 ms (Experiment 9) rather than simultaneously. Thus, in these conditions, the stimuli did not have to compete for attentional (foveal) and preattentional (parafoveal) resources. For these conditions, we predict no recognition differences between emotional and neutral scenes. Only if the emotional pictures were, in themselves, more easily perceivable and/or retrievable would the recognition advantage hold when each picture is presented separately. In other words, if the advantage in the recognition of emotional scenes that was observed in Experiments 3 and 5 was due to their preferential processing, rather than to basic differences in absolute perceptibility or retrievability between the two types of scenes, then no recognition differences will emerge in the single presentation condition of Experiments 8 and 9.
Method
There were 28 participants (19 women and 9 men) in Experiment 8 and 28 participants (20 women and 8 men) in Experiment 9. The stimuli, apparatus, and procedure for Experiments 8 and 9 were the same as in Experiments 3 and 5, respectively, with one exception. In Experiments 8 and 9, only one picture (either emotional or neutral), rather than pairs of pictures, was presented in each trial as a prime (see Figure 6 ).This prime picture was displayed for either 450 ms (Experiment 8) or 150 ms (Experiment 9), either in the left or the right visual field, and then a probe picture appeared for recognition. Table 4 shows mean scores for each dependent variable (see also Figure 3 , for AЈ scores). In Experiment 8, there were no significant differences in recognition measures between the emotional and the neutral stimuli (Fs Ͻ 1 for hits, sensitivity, and correct response times). The only significant difference was between reaction times for hits (M ϭ 795 ms) and correct rejections (M ϭ 907 ms), F(1, 27) ϭ 82.45, p Ͻ .0001, p 2 ϭ .75. Similarly, in Experiment 9, no significant effect emerged for hit rate, sensitivity, bias scores, and false alarms (Fs Ͻ 1, for hits and sensitivity). For correct response times, a reliable effect of visual field for hits, F(1, 27) ϭ 5.88, p Ͻ .025, p 2 ϭ .18, and correct rejections, F(1, 27) ϭ 4.62, p Ͻ .05, p 2 ϭ .16, revealed faster recognition responses when the stimuli had been presented in the right field (M ϭ 926 ms) than in the left field (M ϭ 992 ms). In addition, reaction times were shorter for hits (M ϭ 912 ms) than Figure 6 . Sequence of events within a trial in Experiments 8 and 9. (The prime pictures and the mask were presented in color; the probe picture was presented in grayscale.) Exp. ϭ Experiment.
Results and Discussion
for correct rejections (M ϭ 1,006 ms), F(1, 23) ϭ 29.84, p Ͻ .0001, p 2 ϭ .52. Recognition and sensitivity were equivalent for emotional and neutral scenes when each type of stimulus was presented individually. These results demonstrate that the clear parafoveal and foveal advantages of emotional scenes that we found in the previous experiments when emotional and neutral pictures were presented simultaneously were not due to basic perceptual differences between the emotional and the neutral pictures. The present findings rule out the possibility that the advantage in the identification of emotional scenes found in the previous experiments could be due to their being more distinctive or less complex. Rather, these findings support the hypothesis that emotional stimuli are preferentially processed, that is, that they receive more parafoveal and/or foveal attention than do neutral stimuli when they have to compete for cognitive resources (e.g., Williams et al., 1997) . The findings from Experiments 8 -9 also served a related control purpose. The items we presented as targets and the matched foils in Experiments 2-7 were not counterbalanced for these roles. It might be possible that the emotional items selected as targets were more likely to be given a yes response than those selected as foils or as the neutral items. The null results when each stimulus was presented singly reinforce us against this concern.
General Discussion
This study investigated whether there is preferential parafoveal analysis of information in emotional scenes in comparison with nonemotional scenes. Results indicated that when pairs of emotional-neutral pictures were presented in parafoveal vision (a) the first fixation was more likely to be directed to the emotional scene with luminance, color saturation, contrast, complexity, and the area filled with human faces being comparable for emotional and neutral scenes (Experiment 1); (b) the emotional scene was more accurately identified than the neutral scene, as probes, when no foveal fixation on the prime pictures was possible (Experiments 5 and 7); (c) the identification of the probe survived changes in perceptual features (color, size, and spatial orientation) but not in specific meaning, with a higher hit rate for emotional stimuli in the recognition of the specific scene (and no more false alarms for related scenes); and (d) emotional scenes were more accurately identified than neutral scenes when both were presented simultaneously (Experiments 2, 3, 5, and 7) but not when presented individually (Experiments 8 and 9).
Covert and Overt Attention to Parafoveal Emotional Scenes
First fixation and recognition under varying attentional demands. Typically, shifts of covert attention (i.e., the focus of mind) precede overt attention (i.e., eye movements) toward target stimuli (see Findlay & Gilchrist, 2003; Hoffman, 1998) . Under this assumption, our results suggest that viewers were processing something of the emotional scene in covert attention, when the scene was still in parafoveal vision, that attracted overt attention later. This can be inferred from the following measures and experimental conditions. First, the first fixation that launched from the central fixation point was especially likely to be placed onto the emotional picture of the pair rather than on the neutral picture. This suggests that the viewers must have been covertly attending to the emotional rather than to the neutral scenes before overtly looking at them. Second, when there was limited time (300 ms and 450 ms) to make one saccadic movement to one of the paired pictures, the emotional scene was more accurately identified than was the neutral scene. This implies that the first fixation must have been especially likely to be sent to the emotional stimulus. In contrast, when the pictures were presented individually, and therefore both the neutral and the emotional picture were equally likely to receive the first fixation, there was no difference in recognition accuracy between them. Third, when a saccadic movement to the pictures could not be performed because of time restrictions (150-ms display) and overt attention constraints (i.e., forced saccade to the moving fixation point), there was also greater recognition accuracy for the emotional stimulus. It follows that the Note. A different subscript letter (a or b) indicates significant differences between valence categories (vertical). A l-r subscript shows significant differences between the left and the right visual field (horizontal; only for reaction times).
emotional scene of the pair must have been covertly attended to, thus producing a better encoding. How parafoveal processing contributes to scene identification. Thus, parafoveal processing provided some information about the prime scenes that enabled the viewers to recognize them as probes, especially the emotional probe. Parafoveal analysis involves two routes to the extraction of meaningful information. One is the indirect route through the influence of parafoveal preprocessing on overt attention, that is, on the direction of gaze. In this case, as a result of a more likely first fixation on the emotional scene this would receive more overt attention, which would facilitate foveal encoding and then subsequent recognition. Thus, when there was time for foveal fixation following parafoveal presentation, it was the emotional scene that was more accurately identified than the neutral scene, especially when foveal encoding time was reduced (300 ms and 450 ms), in comparison with when it could be compensated for by increased available time (900 ms). The other is a direct route, through the attraction of covert attention by emotional content. This can be inferred from the fact that when no foveal fixation on the pictures was possible (150-ms display and forced saccade outside the pictures), there was still higher sensitivity for the emotional than the neutral scene. This second effect seems to involve a genuine parafoveal role in the meaningful processing of emotional scenes without the intervention of overt attention. Some caution is necessary in this respect, however, as we did not collect any direct evidence that there were no foveal fixations on the pictures in these conditions, although prior research makes this assumption reasonable (e.g., Nummenmaa et al., 2005; Rayner, 1998) .
Automatic attraction of attention versus strategic search of the emotional stimuli. Thus far, in the present study, we have assumed that the preferential parafoveal orienting to and processing of the emotional scenes are caused by the automatic access of emotional content to the attention system. It could, however, be argued that this involved a strategic effect rather than an involuntary attraction of attention. Thus, there are some factors that might have biased the viewers to deliberately search for the emotional scenes: (a) For ethical reasons, the participants had been informed prior to the experiment that they would be presented with emotional pictures; (b) for practical reasons, the experimental instructions generally indicated that on each trial one emotional and one neutral picture would be paired; and (c) after a few experimental trials, the participants saw that, in fact, on each trial there was an emotional picture. All this information probably created an emotional task set, rather than a default or neutral task set, in approaching the stimuli. There are, nevertheless, some arguments against the strategic search hypothesis. First, the participants knew that both the neutral and the emotional prime pictures could appear as probes for recognition with equal probability and that they would be randomly presented on the right and the left sides. Second, in some of the experiments the pictures were presented very briefly (e.g., 150 ms), in comparison with the average time taken to move the eyes to a paired peripheral picture (451 ms; Nummenmaa et al., 2005) . Moreover, eyetracking assessment has shown that the response latencies for the first fixation on the emotional and the neutral pictures were nearly identical and were not affected by whether the pictures were presented in a first or a second block, or by instructions to "look first at the emotional picture" or "at the neutral picture" (Nummenmaa et al., 2005) . Thus, in our experiments, both prime pictures on each trial were equally task relevant, with their location unpredictable, and the display time was shorter than normal saccade latencies for paired pictures. In these conditions, it is unlikely that strategic search processes are useful and that they have time to develop. Nevertheless, an issue for future research on the preferential attention to, and processing advantage for, emotional parafoveal scenes is to develop a deeper analysis of the notion of attentional control. Particularly, whether automatic attentional capture by emotional content involves action against one's will. The methodological criteria proposed by Christie and Klein (1996) can provide a framework for such a scientific analysis.
Specific Semantic Information Is Obtained Parafoveally From Emotional Scenes
The nature of the parafoveal representation. A visual scene is a complex stimulus that involves physical features and meaning. Moreover, at least two aspects of meaningful information can be distinguished: the overall gist of the scene and the identities of specific objects. An additional meaningful aspect is affective valence. Because of this complexity, it is important to determine the type of information that can be extracted parafoveally. It has already been demonstrated that the gist and the global layout are processed over a significantly larger area than are the identities of specific objects (Oliva & Schyns, 1997; Sanocki & Epstein, 1997) . We were particularly interested in the processing of the specific cognitive content or the components of the scenes. For this, it was necessary, first, to exclude the contribution of superficial physical features for which we modified the color, size, and spatial orientation of the prime versus probe pictures. Second, it was necessary to keep the gist of the probe pictures equivalent when the probe was identical to the prime (target-present trials) and when the probe was related (but not identical; i.e., matched items in catch trials). Third, the probes should have the same emotional valence in the identical (target trials) and the related (catch trials) conditions.
If parafoveal processing had involved merely a global representation of the gist of the scene or a general affective impression, the false alarm rate (incorrect recognition of the related, but not identical, scenes) would have reduced the sensitivity index to chance level, which did not occur, especially for emotional scenes. Rather, the relatively high discrimination between the target and the related scenes allows us to infer that meaningful specific information was obtained in parafoveal vision. It must have been this information that enabled the viewers to identify the target probes, even though physical features were changed, and to discriminate them from the related probes, even though the general content and the valence were the same. The interpretation that the advantage in the processing of emotional scenes involves specific cognitive meaning is further reinforced by the fact that recognition was greater for emotional than for neutral scenes in the targetpresent trials, with no differences between emotional and neutral scenes in the catch trials. Emotional content serves to garner processing resources, but this does not imply that only a global impression of the emotionality of the scene is encoded. Rather, the initial attraction of attention by emotional content guarantees further and better encoding, which produces a more accurate representation of the emotional scenes than of the neutral scenes.
When semantic processing starts in scene viewing. Models of eye movement control in scene perception generally assume a sequential course of processes. A prominent model has been developed by Henderson and Hollingworth (1998; Henderson et al., 1999 ; see also Henderson, Williams, Castelhano, & Falk, 2003) . Saccades bring specific stimulus areas to the fovea, where they are analyzed, and then a new saccade target is selected for fixation. The initial movement of the eyes and fixation placement are mainly controlled by low-level visual features such as luminance or color, rather than by the semantic content of the target stimulus. Analysis of perceptual features starts first, even before a stimulus is foveally fixated, when it is still in parafoveal-peripheral vision. In contrast, semantic processing begins later, when the target is foveally fixated. No semantic content would be extracted from peripheral information, and therefore semantic information would not determine the direction and placement of the following fixation. It is only "after initial fixation at a region [that] the saliency weight for that region will change from primarily visual to primarily cognitive" (Henderson et al., 1999, p. 225) ; and then "semantic analysis of a scene can take place within the first fixation on the scene" (p. 226). Thus, this model predicts that processing of a new peripheral or parafoveal target will start late during foveal fixation on the current target and will not involve semantic processing. The findings of the current study are relevant to this theoretical approach. They suggest, first, that attentional orienting is influenced by the emotional significance of the stimulus appearing in parafoveal vision, when low-level visual features are controlled and, second, that a meaningful representation is obtained from the stimulus in parafoveal vision. This implies that semantic processing of a parafoveal object begins before it is under foveal inspection.
The difference between parafoveal and peripheral vision. Although our previous conclusion might seem, at first glance, inconsistent with the Henderson et al. (1999) model, there is room for integration. The restrictions of this model might be especially applicable to peripheral rather than to parafoveal processing. Thus, according to these authors, "Until a fixation has landed relatively near (within about 3°-4°) to a particular region at least once" (Henderson et al., 1999, p. 225 ; see also Henderson et al., 2003) , the control of eye movements will be determined by visual rather than semantic factors. Although this excludes peripheral semantic processing (beyond 5°from fixation), it leaves open the possibility of parafoveal semantic processing (i.e., between 2°and 5°). As indicated in the introduction, Henderson et al. (1999) and Hollingworth and Henderson (1998) did not find semantic effects for objects presented outside foveal vision. Although these authors did not report the degrees of visual angle from the fixation point to the target object, this seemed to be around 8°, that is, in peripheral vision. If so, the conclusion that there is no semantic processing outside the focus of attention would be applicable to peripheral vision rather than to parafoveal vision, and it should be noted that our pictorial stimuli appeared in parafoveal vision (2.1°or 2.5°). This is, in fact, consistent with recent research carried out by Henderson et al. (2003) through the use of nonemotional scenes. These authors found that the modal saccadic amplitude was 4°and that the processing of object meaning was restricted to an area within 4.4°. It is, therefore, possible that semantic processing decreases with an increasing distance from foveal fixation and that some meaningful processing can be obtained between 2°and 5°, that is, in parafoveal vision, particularly for stimuli depicting emotional scenes, as we have shown.
Preferential Processing of Emotional Versus Neutral Scenes
Parafoveal processing of neutral scenes. Although there is some controversy about whether semantic information can be obtained outside foveal vision, some recent findings support this hypothesis, at least for parafoveal objects. In addition to the aforementioned study conducted by Henderson et al. (2003) , van Diepen and d'Ydewalle (2003) have reported convergent data using neutral stimuli. These authors presented scenes in which foveal or parafoveal/peripheral (outside an oval region of between 3.1°and 5.9°of visual angle) information was blanked by a mask from the beginning of fixation for 10 -120 ms. Foveal masking postponed foveal processing, as reflected by an increase in average fixation durations and total inspection time of the scene, which is consistent with the hypothesis that a great deal of semantic processing needs foveal vision. However, the challenging finding is concerned with the effects of parafoveal masking. This produced an increase in average fixation durations, total inspection time, and number of fixations, as well as smaller saccades. It must be noted that the effects of foveal masking were stronger, and occurred earlier, than those of parafoveal masking. Nevertheless, the fact that the effects of parafoveal masking appeared between 70 ms and 120 ms of onset of the scene clearly suggests that parafoveal information is processed very early during foveal fixation. Thus, even with foveal information available, parafoveal analysis starts before foveal processing ends, and some meaningful information of the parafoveal object can be obtained, which probably contributes to selection of the next saccade target.
The role of image content in parafoveal processing. Our results add to those providing some evidence of parafoveal semantic processing of neutral scenes (Henderson et al., 2003; van Diepen & d'Ydewalle, 2003) . Thus, in our experiments, the sensitivity measure of discrimination between presented and matched probes was above chance also for neutral scenes. However, our findings go further in showing that, when competing for parafoveal or foveal resources, there is a clear advantage in the processing of emotional scenes. This reveals that the content of pictorial stimuli matters, and our approach represents a step forward. Henderson and Hollingworth (1998) addressed this issue when they said that the effect of image content on parafoveal processing is still unexplored and that it may be that scenes with different content produce systematic effects on attention patterns.
Emotional significance may well constitute one such type of content that is especially likely to attract attention and facilitate the identification of scenes in parafoveal vision. If so, this would question the assumption that initial orienting is an encapsulated process unaffected by the meaning or valence of an object (Fox et al., 2001) . There is an obvious adaptive reason for this processing priority of emotional scenes, as they inform of events that are important for well-being and survival. Although the pictures themselves do not involve any real benefit or threat, they represent appetitive and aversive events in natural and social situations that are related to preservative and protective functions. For this reason, it is understandable that, from an evolutionary perspective, the perceptual system is biased in the direction of a low threshold for discovering threat and harm, as well as benefit and pleasure, efficiently. Attention must, therefore, automatically prioritize the processing of stimuli as a function of their adaptive importance. Such prioritization would involve a broadening of the visual field in which the emotional stimuli can be detected, as shown in this study.
Accuracy versus accessibility in the parafoveal representation of emotional scenes. A final issue is the apparent inconsistency in our data between recognition accuracy and response times. Whereas hit rate and sensitivity were higher for emotional scenes than for neutral scenes, there were no differences in recognition times as a function of emotional content. If emotional scenes are especially likely to be processed parafoveally, they should be more accessible in short-term memory and therefore take less time to be recognized, which was not the case. A possible explanation is that the greater interest of emotional scenes leads viewers to spend more time inspecting emotional scenes than neutral scenes (see Lang et al., 1993) in the recognition phase. This additional inspection time would counteract the facilitatory effects of accessibility. This interpretation is compatible with the possibility that reaction times may be influenced by postidentification factors, that is, during recognition (Hollingworth & Henderson, 1998, p. 399) .
Nevertheless, a systematic effect of visual field emerged for reaction times, regardless of emotional valence, such that scenes that appeared in the right field were recognized faster than scenes that appeared in the left field. There are some explanations for this right visual field advantage. Thus, the perceptual span in reading extends more to the right than to the left of fixation (see Rayner, 1998) , although this has not been demonstrated specifically for pictorial stimuli. In addition, the effect could be due to rightward looking habits (i.e., looking first to the left and then to the right), which would imply that the scene on the right was more recent in short-term memory, and therefore more quickly accessible. Finally, there is the possibility of a left-hemisphere dominance of the brain for processing of pictorial stimuli. Whichever possibility is correct, the explanation must address the question of why there was such a right visual field advantage for reaction times but not for response accuracy.
Conclusions
The data from the present research converge into two major conclusions: Attentional orienting and first fixation are driven parafoveally by the emotional content of pictorial stimuli; and, specific semantic information is obtained parafoveally from emotional visual scenes before these are foveally fixated. This does not deny the major role played by low-level perceptual characteristics in determining where saccades are targeted and fixations are placed; and, this does not deny that most semantic processing is performed foveally, after some parafoveal preprocessing. Rather, the present findings show that when emotional and neutral scenes are comparable in perceptual features, emotional content is more likely to be perceived parafoveally than is nonemotional content. This seems to involve a broadening of the attentional span for emotional stimuli.
In general, this suggests that the cognitive system selects and processes visual stimuli in a flexible way depending on the adaptive importance of the information. Adjustments take place in perceptual thresholds and in the breadth of the visual field to maximize attention to challenging and important events and minimize attention to distracting or less relevant events. Stimuli associated with pleasant and unpleasant events have privileged access to analysis by the cognitive system. Emotional scenes garner more processing resources, which guarantees that they are more likely to be detected and identified than neutral scenes when they are in competition for limited encoding resources.
